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Abstract

In order to evaluate the distributions and fluxes of organic matter in the
atmosphere, particulate organic carbon (POC) and dissolved organic carbon (DOC)
were measured in Jeju Island, Korea, from January to December 2018. The
concentrations of POC and DOC were in the range of 0.62-1567 uM (AVG = 76
pM, volume-weighted average (VWA) = 36 uM) and 14.8-991 uM (AVG = 102
M, VWA = 53 pM), respectively. The highest concentration of POC and DOC
were found in January 2018. This result seems to be associated with incomplete
combustion of fossil-fuel during winter. According to back-trajectories (HYSPLIT
model), the groups consist of events with air mass originated from the continent of
asia (40%), ocean (51%), and local (9%). The colored dissolved organic matter
(CDOM) components were characterized using the parallel factor analysis
(PARAFAC) model. C1, C2, C3, and C4 were characterized anthropogenic sources
such as humic-like substances and polycyclic aromatic hydrocarbon (PAHs), and C5
was characterized natural sources such as protein-like. The VWA DOC concentrations
were positively correlated with anthropogenic component (R* = 0.75) and natural
component (R* = 0.7). Atmospheric DOC in Jeju seems to be originated from
anthropogenic and natural sources. The monthly wet depositional fluxes of POC and
DOC at Jeju varied from 0.01-1.23 mmol c¢cm? month” and 0.24-1.31 mmol cm?
month™, respectively. The highest flux of POC was found in March due to the
highest concentration of POC, and that of DOC was observed in September owing to
the highest amount of precipitation. The lowest flux of POC was found in July due
to the lowest concentration of POC, and that of DOC was observed in November,
owing to the lowest amount of precipitation. The annual flux of POC was relatively
higher than that in other regions, while the annual flux of DOC was relatively lower

than that in other regions. The monthly wet depositional fluxes of CDOM at Jeju



varied from 0.4-7.6 pg QS month™. The highest flux of CDOM was found January,
while the lowest flux of CDOM was found December. The annual fluxes of CDOM
was 28 x10" pg QS yr'and relatively lower than other sources such as Changjiang
river, and organic sediments diffusion. In order to understand the behavior of organic
matter in the atmosphere, extensive studies are necessary in the future over greater

time-scale using various chemical tracers.
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St} o] H % ti71 714 Sk A A
stetd ol FQ ok &2 o|t}, (Seitzinger and Sanders, 1999; Seitzinger et al., 2003;
Chung et al., 2012; Mladenov et al., 2010.) (Fig. 1.)

olefgt 7|7 1Ed = 7HA1 9] thE FElE dAE T 3 WA= primary
organic aerosol (POA)°]™ T} 3}ubi= secondary organic aerosol (SOA)©|T}. POA
T YRRy Ao r viEEol R Y8 FVEds gt o=
= Wl For SHyE AR TIstEES dAs SAE w5, 27H, AL
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(Hallaquist et al., 2009; Gorzelska et al., 1997; Kenee et al., 1984; Mazurek et al.,
1991; Novakov et al., 1993; Facchini et al., 1999; Seitzinger and Sanders, 1999).
SOAL W72 WEF POA7L F3ter4] nbgol os Wk 2349 {7]3kehEol
ok SOA:= 7h29 FHjzx WtV E shizdl o] gl BdH 7t Cod COo;
ol FHYE HIE U E @'W(Kanakidou et al., 2005; Wozniak et al., 2012). th”7]+
714 F9 AA BEE E, M, vlet ZE F23 F(wet deposition) T} 7]
#(airmass) 9 o] AxE FER FAY $EHEE FiE Fol AAHE A4
A(dry deposition)©] ATE FAEHE %S 100%2 7FEeIF S wf, APAFE
gt FAHA % AATE 60%, HAHA gt AATE 40%0]H
(Kanakidou et al., 2012), 52324 & F71&E 90%7F +84° 545 7HA 1
A =778 (Dissolved Organic Carbon, DOC) Ejo] i Y =] 2] 10%+= ¢
Z4d 71 €A (Particulate Organic Carbon, POC)2| & Elj o] Th(Fig. 2.).



A AAY F1eA ZE o] B3 AdYAdTE Auud, tr|2RE H2
AAEE G762 ZEAE 306-580 Tg C yr'e] WYS Holn 150 §&

= A Q728 JAEE f7]R
= A9 dFom Yol el FAolA = 186276 Tg C yr'e &EH7]
29 19-28 Tg C yr'e AR F71847F HHo] =1, dlFe] - 90-246 Tg C
yr-1 & §EF7|€k4el 925 Tg C yr'e ARG F71eb2a7 Fd D th(Willey et
al., 2000; Kanakidou et al., 2012; Wang et al., 2015; Lavorivska et al., 2016). }#|
T AR TA] AR EE A AR 27 40708] A JellA xldo] HUal ofE
g 7tel @ Alofole] A 17] A9 EHAT Akl ofrobe] A i
o] AF7F T A HE A TH(Willey et al.,, 2000, Kanakidou et al., 2012; Wang

iz

T ES 276-522 Tg C yr'2 oj%-

et al, 2015; lavorivska et al., 2016). == o] sAAx Algo] =1 U7|=
FEEE PR A Fol B AL FATE AANFI LY EE
7} vl A =tk B A TH(Gioda et al, 2008, Pan et al, 2010, Wang et al.,
2016) (Fig. 3.).

M 8E/7]&5 2 (Colored Dissolved Organic Matter, CDOM)> 7}A] 341 5-H

B3 ohekst F3kst WS A fUIEdEY AE ol8UteAdE S v
At w3k £E7-7]& 2 (Dissolved Organic Matter, DOM)E°] 551t F3s 54
S Hol7] wjio] cDOMeo] d|USelA= DOM¥} DOCE YERf &= ARZ A
& o) $L3(Kim et al., 2017) DOC7} f71&=2] F&24Q1 A olgtd CDOM> 7]
=2 Al Ao gold Hoz Ad#A SIthCoble, 2007).

SHAIRE o] st ®ael o%t Z|FRigte] gt 7|Ee] AYAFES B ofF
M S gif-2o] ojatstebAad] w59l w59 ®igle, QQle| #sh Aol &

AE AyATe NS W okF wmsith 53
(2015)2} Cha (2017)9] A3 &3 AAG+= AT T
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Fig. 1. A significant role of Atmospheric Organic Matter.
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Fig. 2. Schematic illustration of Atmospheric Organic Matter.
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Fig. 3. Rainwater Organic Carbon as a part of the Global Carbon Cycle.
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Jeju Island
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Fig. 4. Location of the study site in Jeju, South Korea.
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o Ao 2018 1ERE 12€7bA] A Alell sifaeitiet 33 Sl A

olFojftt. Alme A7F A& @ % 2F wi7hA] azlonAFeE] 2L polypropylene

Mol AS ol gatol AH HHAL F71EA AAS g8 oz A F AFgE
stk whael % MAS AME A% B 491 W] S8 AYS Fu 1
gel mlolAE AAsferh REolSA FFANE ® BE wl APATeN

AAIgE A2 A4 (Dry deposition)ol] &JgF GFo] A2 6AILS VFo®E vE A
A FAY FAE S B Hus dARAe JFgFE FolEl vt
(Cha 2017). 717+d o] 2w AFE AFF A-EFS oF 1500 mmo] L 20181
o] ¥7 FrEEe oF 1208 mmE UE FEuE vl
AT A AFEA ARG &l 71 AT ERT B gl
A7 MR 2 A 138%5 = °F 1791 mme] AR E A3t
S5 470E wol 87h, vl 400 E AASHT 7HE we Als AR Slge |
ol 199 A-F 9 AsE ATl 2 F 8789 A= woldlt 3
7F 7 AS @S 1083 11801 242 2708 A E7F A W S tH(Table. 1).

DOC, POC, CDOM+<= #4st7] S8l AlE= 71 Al 500CelA 5AI%E

2
2
flo
o2
o
=
o)
5
ol
ol
A

precombusted ¥  GF/F filter paper (Whatman 0.7 um)E ©]-&3d}o] o35}l
DOCY -9 vx7FA] 2 precombusted ¥ 2] ¥FE| 20 ml 5 F = &
T 9AE f8 FAES 20 pLE 7S] pHE 2 °olstE Wi F YTE EA
2 =o] mpgtste] Ao ®ytatqlth POCE ol Fshi=dl AFSE AW GF/F filter
paperE HEZ H4o] ¥ol 4 A7kA WF Eassitt. CDOM2 o3te 4
T AEE 9 vkEe] 30 ml A5 F G BBseiT

74 A &S DOCi= ShimadzuAb?] TOC-Vepy W19 112 AbsbH S o] &3 &

AetR 3 ofAEold 8] E(acetanilide) £N-S o] 8310 standardE-N S A| 35}

POC+= Thermo ScientificA}2] CHNS analyzerE ©]€391 54 A W55



H A8 E B Axste] FES AAS HA Aol El(Desiccator)ol| A 2441 7F
52t F<S(fumigation)ste] YA F7I€AE A AT DOCSE wixb7EA| =2 31
AL E o] &3te] 57433l Sulfanilamide®} L-Cystine Al oFoll wE 7174234
= ol &l &40 FA(mgE AAtetel Al HFIDM)E Rl FEE 63
tH(Fig. 5.).

CDOM®| & #4]2 SINCOAFS] FluoroMate FS-22] scan mode® A 5.9 &%
A 7](Intensity) S =78 3FA T Al 51 250-400 nm WH $1 2] excitation wavelength ]| A]
5 nm FA S92 250-500 nm %Sl emission wavelengtholl 4] 2 nm FA 2 =74
shRAaL, MG Aol ARE ot ZAlel Fof A ekt vtd gk B3 vt
Atk 939 AAE §8] De-lonized water®] HFA|71E AR, =2 TS
E o9z 3dH=
=743t ppb QSUZ

_ll}h

32 Quinine sulfate &5 EX/EM = 350/450 nmoj ]
gal FAo. agEA U #S  MATLABS
]_

oL
ol
&l

H
Savitsky-Goray filteri] = ©]-&3d}o] H*% =5-UE v E¥ X (excitation-emission
matrix, EEMs)Z 3% & 315t}
DOC$} POCO] Fkv Aol & 345 normalizest?] &l 3|75 4
(Volume Weighted Average, VWA)C. = AAFSISITE VWAE €92 AAto] H
s

A7 ARS sl BAIY s wele % 2 A AR ge o

= S = — =
FA Argor A Faklth DOC, POC, CDOME| #2 A E8 e 7}
7o s &

AAA FALE v FH S g7IFWNO0AA)NA ISk Air Resouces
Laboratory®] Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT)-4%
dl (http://ready.arl.noaa.gov/HYSPLIT/php) ¥} Global Data Assimilation System (GDAS)
d] o] E] (ftp://arlftp.arlhq.noaa.gov/pub/archives/gdas1) & AF-&3Fo] AlAbstSith 524 F
A% In-cloud He] & 7I9EE Y 7Fs/dol v i E 500melA 7
WA A1 AEE AIAEHEE A th(Walker et al, 2000; Avery et al.,

2006; Yan and Kim, 2012).
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Table. 1. The monthly number of Sample

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

# 9 3 5 3 4 5 4 4 3 2 2 4
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GF/F filtration

Acidified using 10% HC1

—— pH<2 acid-sparging
O, (ultrapure) High-temperature

combustion

High-temperature
catalytic combustion

— Remove H,0, Cl-

Fig. 5. Schematic diagram showing the procedures for determine of DOC and POC
using HTCO method.
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4 % DOCO FEE 15 pMeollA 992 uM2 S HAt(Fig. 6). 4+ <

X 0.6 pMelA 1567 uMe] WSS Bl thFig. 7). B+ T 71"
29 s ATdel wWE A4S FHFSHnormalized)st] 913l F-¥] 7t
I (volume-weighted average, VWA)C. = ALt VWAE vt o] A4l
2h=

VWA= C X P/ 3.P;

1=1 1=1

4714 Cc= A7 AEY FEE UEd, P A4 AEY As¥Es
Uebdd sl 2o AE A4 w8 AedEs wde A

3
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<
i

VWA 55 53 HAI, POCY VWA FE& 36 uMS H itk DOCS}

POCE 190 7ME & 52 Y1 690 7P @e 52 K th(Fig. 7.).
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Fig. 10. 72h HYSPLIT air mass backward trajectories for precipitation in Jeju during
2018-2019. The precipitation events are categorized to three regimes: Asian
continental (a), Marine (b), and Local (¢). The frequency(expressed as percentage of
total number of events) and average concentrations (VWA= SD) for each regime are

also shown.
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PARAFAC 53 °=% EEMS /3% A3} 57012 components (C1, C2, C3,
C4, C5=E T-HHAcFig. 12). ClS excitation/emission®]  310mm/360mm i A]
2% a5 Hol H¢ W FARER A% Ad9FHA FuA EA(peak

M)So. 2 FAH™, C2i= excitation/emission®] 330mm/368mmeol A 73+ I IAE

f
o
)
kv

S SFS B 3L A (polycyclic  aromatic  hydrocarbon, PAHs) oA %
Ags 12317d o FAER AVE He fFAGA] FEECA A
H == Pyrenel® FHHETH o]gst PAHst= AHA Y=

25 welb #ZEHA fkom edwdt WY, B F2 5 Al =4

1
st UkEAdoel AMEHA Al 4YFS v X tH(Ferretto et al., 2013). C3:&

excitation/emission®]  360mm/480mmeol A 3 ¥ IE  Holw SAF 7|49
oA 2dE WEAHol w2 =d(peak O FAHHCY 4=

excitation/emission®] 360mm/488mmel| A et I IE Holw C29F wRHHA]
% PAHsZ® F4¥TU} C5+  excitation/emission®] 285mm/336mmeol A 733t 3

45 Holw whilAAGl EZH(peak T)E F74 FTHCoble, 2007).

Z} 9] component®] Al 7](intensity)E &S #kol TG E (total

N

fluorescence intensity, TF)°|™ 2-44 ppb QSUS] W<elE RHST. €9 TFIE
B 19 44 ppb QSU, 2€°l 15 ppb QSU, 3€°] 6 ppb QSU, 4 5 ppb
QSU, 5€¢°] 6 ppb QSU, 6l 2 ppb QSU, 7€l 4 ppb QSU, 8¥° 3 ppb
QSU, 9¥¢] 4 ppb QSU, 10€°] 12 ppb QSU, 11€] 11 ppb QSU, 12¢¥°] 16
ppb QSUE KAtk TFI= 1€l 7F¢ =skomH, 6ol 7Hd  EShth(Fig.
13). TFI X3 f{7letast vz Agde $HAsY A4 539

& F71EdE0] FTHOERFH uF #mEHI
T71HE FE el HWA Ee AVIE BHUE Folgt HoXin E
g oAFHele AYeERH  F7|HAZE FYE7] wiEel wHE Al7]E
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Fig. 12. Excitation-emission matrix spectroscopy
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Fig. 17. The monthly variations of wet depositional DOC flux and precipitation. The
precipitation are presented in bar. The wet depositional DOC flux are presented in

line and scatter plot.
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precipitation are presented in bar. The wet depositional POC flux are presented in

line and scatter plot.
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Table. 2. Comparison of DOC and POC concentration and Flux

Min. Max. Mean VWA Flux references
Jeju (N=47)
DOC (uM) 15 991 95.2 56.2 8.6 this study
POC (uM) 0.6 1567 63.2 30.6 5.1 this study
Seoul
DOC(uM)(N=37) 24 433 128 81 15.8 Yan et al., 2015
DOC(uM)(N=33) 31 686 158 68 6.1 Cha et al., 2017
POC(uM) 3 514 75 34 3.1 Cha et al., 2017
Uljin (N=33)
DOC (uM) 9 849 215 98 10.6 Yan et al., 2015
Northern China (N=483)
DOC (uM) 250 26.7 Pan et al., 2010
POC (uM) 66 4.2 Pan et al., 2010
New zealand (N=7)
DOC (uM) 32 Willey et al., 2000
POC (uM) 12 Willey et al., 2000
Wilmington, NC, USA (N=205)
DOC (uM) 114 17.5 Willey et al., 2000
POC (uM) 2 0.31 Willey et al., 2000
Ithaca, NY, USA (N=47)
DOC (uM) 157 15.8 Linkens et al., 1983
POC (uM) 39 4 Linkens et al., 1983
El  Yuunque National
Forest(N=17)
DOC (uM) 32 12.5 Gioda et al., 2008
POC (uM) 12 5 Gioda et al., 2008

'Volume-weighted average
’Below detection limit.
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Table. 3. Three types of clusters of air mass backward trajectories.

DOC POC
Type % Directions Season Conc Flux Conc Flux
(uM) (umol cm™ cluster™) (uM) (umol cm™ cluster™)
North-westernly, China, )
1 40 . . Winter 61.6 4.6 47.7 4.6
Mongolia, Russia
2 51 Southernly, Marine Summer 40.0 6.2 16.6 2.6
3 9 Local and Seaside Spring and Summer 279 1.0 34.7 0.5
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Table. 4. The monthly PARAFAC component (C1-C5), wet depositional fluxes of CDOM.

C1 C2 C3 C4 C5

Month
QSU % Flux QSU % Flux QSU % Flux QSU % Flux QSU % Flux
January 17.0 38 0.16 9.8 22 0.09 4.3 10 0.04 4.6 11 0.04 8.4 19 0.08
February 7.2 48 0.10 3.8 25 0.05 1.0 7 0.01 0.5 3 0.01 25 16 0.04
March 23 35 0.07 1.3 20 0.04 0.3 4 0.01 1.1 18 0.03 1.4 22 0.04
April 0.6 11 0.01 0.2 3 0.00 0.4 8 0.01 1.0 19 0.01 3.1 60 0.04
May 1.5 26 0.01 0.9 15 0.01 0.4 7 0.00 1.0 17 0.01 2.0 35 0.01
June 0.3 19 0.01 0.2 11 0.01 0.1 9 0.01 0.3 16 0.01 0.7 45 0.03
July 1.0 27 0.01 0.7 17 0.00 0.2 6 0.00 0.9 23 0.01 1.0 27 0.01
August 0.5 16 0.01 0.6 17 0.01 0.2 6 0.00 1.0 31 0.01 1.0 30 0.01
September 0.7 16 0.02 0.8 17 0.02 0.2 4 0.00 0.8 19 0.02 1.9 44 0.05
October 2.6 22 0.03 3.9 33 0.04 0.1 1 0.00 0.0 0 0.00 5.4 44 0.06
November 2.7 25 0.01 2.5 23 0.00 0.6 5 0.00 3.7 35 0.01 1.2 11 0.00
December 4.7 29 0.06 3.6 22 0.05 1.4 9 0.02 4.3 26 0.06 2.1 13 0.03
AVG 3.4 262 0.04 23 189  0.03 0.8 6.3 0.01 1.6 18.1 0.02 2.6 305 0.03
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